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PREPARATION AND CHARACTERIZATION OF Pt-BLACK 
FOR ANODIC HYDROCARBON OXIDATION 

J. Giner, J, M. Parry, and S. M. Smith 

Tyco Laboratories, Inc. , Waltham, Massachusetts 

A. Introduction 

The work presented here is part of a wider study to  develop a 
correlation between the physical characteristics of Pt-black and its 
activity for the anodic oxidation of saturated hydrocarbons. Since the 
physical characteristics of a black should be a function of its prepara- 
tion, some emphasis has been placed on studying a preparative method 
in order to obtain Pt-black of varying characteristics. Because of the 
technical importance of Pt-black and the scarcity of information on its 
preparation available i n  the recent literature, this phase of the study 
is of interest on its own. 

B. The Formaldehvde Reduction of Pt-black 

Of the many reductions proposed and used to  prepare Pt-black, 
one of the most widely studied reactions concerns the  reduction of a 
chloroplatinic salt with formaldehyde in a basic medium. 

reactions: 
The over-all reaction is mainly a combination of the following 

\ 

PtC1;- + 2HCHO + 6OH- - Pt + 2HCOO- + 4H20 + 6C1- 

and 

PtC1;- + HCHO + 6OH- - E't + Cog- + 4 H 2 0  + 6C1- 

with one o 
conditionsb f . 

This  system was selected for our study because it is the best 
known process and because it offers the possibility of separating the initial 
nucleation and the subsequent growth of the nuclei to a wel l  defined pre- 
cipitate of Pt-black. Furthermore, the growth stage can be considered 
to occur as a mixed electrode process. According t o  this latter mechanism, 
the initial nucleation is followed by an electrochemical deposition of Pt 
coupled with an anodic oxidation of formaldehyde. Although both electrode 
processes occur on the same particle simultaneously and at the same rate, 
they a r e  essentially independent of each other. The principle is illustrated 
in Fig. 1 which shows the individual i(E)-curves obtained for the anodic 

he  bther being more dominant according to the preparation 
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oxidation of formaldehyde and the cathodic electrodeposition of Pt from 
a chloroplatinic salt, both in acid and in basic electrolyte on a Pt- 
microelectrode. From these curves it can be concluded that a mixed 
clectrode reaction is only possible in basic solution since the anodic 
reaction occurs at lower potential than the cathodic reaction. This  is 
not the case in acid medium, agreeing with the observation that, although 
thermodynamically possible, a chloroplatinic salt  is not reduced by 
formaldehyde in acid medium even over extended periods of time. 

R H E  immersed in a solucion of chloro latinic acid and formaldehyde 

the potential of the particles formed during reaction. An  interestin 
observation from this experiment is that the potential of the microe ectrode 
changes slowly during a period of time which coincides with the induction 
time of the reaction, i. e. time between mixing of the reactants and visual 
observation of Precipitation. Simultaneously with the observed blackening 
of the solution, the potential drops steeply to remain at  about +lo0 mv 
(vs. rev .  H2-electrode in same solution) during the reaction. The fact 
tmt the potential always remains positive with respect to the hydrogen 
clectrode indicates tha t  hydrogen evolution, which is thermodynamically 
possible. does not occur under these conditions. 

In considering the precipitation of Pt-black a s  a mixed electrode 
process, it is temptin to use criteria similar to those used in electro- 
deposition of powders$) for predicting the effect of reaction parameters. 
The major difference is that the current would be supplied by the 
formaldehyde oxidation, and would vary accordin to the reversibility of 

of the experience on electrodeposition of powders, factors favoring 
deposition of Pt at conditions closer to  the diffusion limiting transport 
should tend to give finer particles. 

cluster of a few atoms without metallic properties) has to occur by a 
mechanism different from the electrochemical mechanism. In addition, 
heterogeneous nucleation in  the walls of the vessels and on impurity 
particles is also possible. 

Figure 2 shows t h e  change in potential of a Pt-microelectrode v s .  - 
after the addition of NaOH. The abso f U t e  value of potential should indicate 

K 

the reaction and the concentration of formaldehy B e. Thus, by extension 

On t h e  other hand, the nucleation process (i. e. the formation of a 

A phenomenon related to  the nucleation rocess is the formation of 

some conditions, in absence of stirring the formation of the mi r ro r  on the 
surface can be observed before any reaction appears in the bulk solution. 
The reaction (characterized by blackening of the solution) pro resses slowly 

which can reach a thickness of up to several centimeters before complete 
mixing occurs. This observation indicates a dendritic growth on the mirror 
with possible detachment of crystals that serve a s  secondary nuclei. 

a bright mirror on the solution surface and w a l  P s of the container. Under 

down from this surface mi r ro r  into the solution as a very we1 H defined layer, 
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In order to obtain active materials, the formation of this mirror  
i s  to be avoided since after drying, platelets of very low BET surface 
area are  formed. In general, the longer the induction time, the larger 
the amount of mirror  material will be formed. 

involves transformations occurring after preparation, s u c h  as agglomeration 
and recrystallization. 
preparation, by the presence of protective colloids and ions, and by the adsorp- 
tion of intermediates of HCHO oxidation and/or of its polymerization products, etc. 

Another difficulty when studying the effect of preparation parameters 

These factors a r e  affected by the gas bubbled during 

- Finally, in an actual preparation drastic ch n es of parameters occur 
(especially, for example, the concentration of PtCll-f as  the  reaction progresses 
which  results in the formation of black under varying conditions. 

C. Physical Characterization and Determination of Electrochemical Activity 

In order to study the effect of the  parameters on the precipitation 
process, many preparations with different reaction conditions were made, 
and the  resulting materials were characterized using the BET surface area,  
pore size distribution, bulk density, electron microscope shadowgraphy, 
selected area electron diffraction and X-ray diffraction. The last method 
was an extension of the method of Warren and Averbach (3); the technique 
utilized a Fourier analysis of the diffraction intensity data to provide informa- 
tion on the average crystallite size. 
energy, stacking and twinning fault probability a re  separated. 
use of these methods allows characterization of the cr stallites, the elementary 
particles, and the agglomerates which form a black (47. 

dt 150°C in 85% H3P04  was measured, using a Pt-Teflon s t r u c t u r e  (5,6) and 
the floating electrode technique (7). In addition to the conventional over-all 
activity determination, a nonsteady-state method has been developed to 
determine t h e  intrinsic activity of the black in the Pt-Teflon structure (8). 

In addition, strain and resulting stored 
The combined 

The activity of the prepared blacks for the anodic oxidation of propane 

From these measurements the  current a t  a potential of 400 mv vs. rev. 
1-12 (i3oo) and the value of the current peak (Ep) were used a s  parameters  
characterizing t h e  activity. 

D. Results on Pt Preparation 

After preliminary experi- 
ments which showed poor reproducibility, attention w a s  directed to the  separa- 
tion of the nucleation and growth stages o the  process. This was accomplished 
(1) by adding Na Cog to a solution of PtCk- and HCHO to raise the pH to - 9 

resulting solution to nucleate for a predetermined time, and (3) by adding this 
mixture to the NaOH solution. The number of nuclei per unit volu e of solution 
was varied by changing the nucleation time and the portion of PtClgHCHO solution 
submitted to this process. This procedure was derived from that of Turkevich, 
liillier, and Stevenson (9) for the precipitation of gold. 
were used to insure quick mixing of reactants in order to achieve the desired 
initial concentrations. 

Separation of nucleation and growth phases. 

where the mixe 2 electro-growth process i s  insignificant, (2) by allowing the 

Two fast-addition funnels 

The apparatus i s  shown in Fig. 3. 

I 



Th c c f fcxc t of iiiic le i conc ciit r a t i on on c r y s t a 11 i te si zc fo i -  cx pc 1- i men t s 
performed with the samc I-cactant concentrations, t h e  same sequences of 
addition, the same tcmpcriiturc's, ctc. , but with varying nucleation times, 
is indicated in Tahlc I. 

TABLE I 

I3 1 ;IC' k Ti m c  Avcrage Crystallite Sizc (A) 
111 - - (mi n) 2 20 311 200 - - - - 

73-44 1 
73-4.i :3 
73-46 10 

87 / 3 82 77 
70 io 62 1 .> 

72 60 67 63 

-- 
-r 

The black prcxluccd from the 1 minute nucleation time had the 
Iai-sc'st crystallitc s ize ,  while the materials produced from the 3 and 10 
minute nucleation have approximately the same size. Since crystallite 

ely related to thc  number of nuclei present a t  the beginning 
o f  thc' growth stagc cf tlic pi'cparation, these results indic.ate that after 
I minute nuclei are  still forming and by  3 minutes the. formation of nuclei 
1i;is I-caclicd ;I stcad!. state condition. 

was changed b y  1-educing the volume of the nucleating solution without 
changing thc coiiccnti-3tions, a s  mentioned above, at a constant time of 
10 niiiiutcs and a t  constant conccntratioii of the final reacting. solution. 
Comparing solutions with the, number of nuclei in  the ratio 1; 1/21 1/4; 
lis, the most active material was that corresponding. to l / 4  ratio. 

In nddi tional preparations the relative number of nuclei/unit volume 

ffect o f  ordcr of addition. 
and NaOt  I resulted in  inactive catalysts with surface a reas  varying 

2. 6 and '7 m2/g when using high Na0l.I conc = 5 M (Table 11). 

Adding f-ICI-IO to a premixed solution 

A n  
csample of thc clectron microscope pattern of these preparations i s  given 
i n  Fig. 4 which shows v e r y  largc spherical particles. Selected area elec- 
tron diffi-action of individual particles shows that they a re  pol ?crystalline. 
In contrast, a material obtained by adding the mixture of PtCl - and HCHO 

a lace- 
like sti-uctui-e (Fig. $5) made of single crystals and high over-all activity. 
I n  experiment 573-2.5, nucleation time was not controlled. 

to 5 M NaOlI a t  the same temperature, concentration, etc. , s i o w s  t 
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TABLE I1 

High NaOH Concentration (NaOH-5. OM) 
I (All Concentration Refer to Electrogrowth Phase) 

a )  HCHO added to PtCl:-/NaOH mixture 

Electrochemical Act ivi ty  
2 2 i400ma/cm2 i ma/cm 

HCHO BET Black PtC16- 2 

* Conc. (M) Conc. (M) (m / g )  

73 - 26 0. 25 1. 50 3.0 

73-30 0. 25 1. 50 5.0 

73-31 0. 25 1. 50 6.9 

73-32 0. 25 1. 50 4. 1 

73-35 0. 05 1. 50 2 .5  

b) PtCl;-/HCHO mixture added to NaOH 

73-25 0. 25 1. 50 31. 7 

73-58 0. 13 0. 39 25. 2 

73-56 0. 06 0. 19 22. 2 

- - - - _ -  Inactive 

Inactive 

Inactive 

Inactive 

Inactive 

- _ _ _ - -  

- - - - - -  

- - - - - -  

- - _ _ _ -  

58 235 

72 107 

28 52 

Effect of reactant concentrations. The higher concentration of HCHO 
during the growth produced a faster reaction rate and consequent1 a smaller 

than unity, long induction times were found which resulted in  extensive mirror 
formatioh during preparations at  or below room temperature. It was apparent 
from the stoichiometry of the reaction that the reduction requires at  least a 
2 to 1 molar ratio of HCHO to PtC18- ; however, preparations were made a 
ratio of unity or lower in order to study the relation between low HCHO concen- 
tration and mirror formation. 
considerably shorter, but thep-ame mirror  product was obtained. However, at 
molar ratios of HCHO to PtC16 
tributable to the HCHO concentraiion. 

particle size. When the  molar ratio of HCHO to PtClg- was equa Y to o r  lower 

A t  high temperatures, the induction time was 

> 3, there was no appreciable effect con- 



marcria1 ( p r o h i l i l ~  p o l ! ~ n i c ~ i - s  of 1 ICI-IO) and formation of mirror.  Attempts to 
rc,procluct WiIIstatt~.r pi-cparation at  .j"C, with special precautions to avoid 
local heat in^, iLii1c.d to producc ii black of higher activity than those prepared 
;it h i #  tc~iiipc~i-citui-cs.  Since the more active blacks obtained in the present 
\vo i -k  \ W I X ,  pi-c'parccl nt SO-90 C ,  it i s  tempting to conclude that higher tem- 
pc~riitiirc~ i s  h>ncficinl insofar a s  i t  accclcrates the reaction, d e c ~  
i iicluc't i on t i  nic, ;i iid poss i blc ni i 1- ror formation. 
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Effect of oxygen. It has  been claimed that adsorbed oxygen plays 
an important role in the catalytic activity of platinum k in  the sense 
that materials freed of oxygen were generally inactive . To test this, 
a series of identical preparations were made under 0 2  and N2. 
bubbling of oxygen through the reaction solution was useful in coagulating 
the resulting colloid solutions of platinum. As to their effect on BET area 
or electrochemical activity, no clear difference could be detected between 
black produced under O2 or under N2, 

The beneficial effect mentioned in the literature may be related to 
the sloweflytering rate of platinum when covered with oxygen, reported 
by McKee , or to a cleaning by oxidation of chemisorbed intermediates 
of the HCHO oxidation. 

E. 

having agglomerates of high internal porosity and relatively large particle 
size. This may be a pure structural effect confirming those electrode 
models in which electrolytic trans ~ ~ 5 5  f9,the reaction site through the 
flooded agglomerates is postulated . Surface areas  larger than - 15 m2/g are  necessary to obtain high activity; above this value no 
correlation between activity and surface area was found. 

produced higher over -all activity than the blacks with considerably more 
stored energy. 
activity. 
to relate these properties to the structure after electrode manufacture. 

The 

Relation Between Structure and Activity 

In general, the over-all activity per unit weight is high in blacks 

A somewhat surprising result is  that a black with low stored energy 

Work is continuing to define better the properties of the black and 
Preliminary measurements show a similar effect on intrinsic 
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Fig, 2 Variation of potential with time 
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Fig. 3 Apparatus for preparation of F't blacks 

Fig. 4 Ft black, 73-26 
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